ABSTRACT
Introduction
Hansen (1) was the first to use in 1886 pure yeast strains for production of sparking wine (champagne). The wine yeast strains must to be specially adapted for efficient fermentation in grape must with sugar 23 gl -1 , high alcohol content (up to 13.3 % v/v), low pH (3.0 -3.3), added sulphates (0.040 -0.100 l -1 ) and anaerobic conditions (2) . One of the basic factors for forming the specific properties of the sparkling wines is the temperature of the secondary fermentation with optimum of 12ºC for white and 16ºC for red sparkling wines (3) . Another factor is the high degree of flocculationthe ability of dispersed cells to form aggregates (flocks) which sediment rapidly toward the end of fermentation. The flocculation depends on the genetic constitution of the strains as well as on the media composition and cultivation conditions (4) . Flocculation reflects a reversible aggregation of yeast cells, which is usually during late-exponential or stationary phases of growth (5) . The mechanism of flocculentbond formation in S. cerevisiae involves a protein-carbohydrate interaction between specific proteins on flocculent-cell surface and mannan present on the cell surface (6) . Flocculation can be reversibly inhibited by the presence of sugars . Sucrose, mannose, maltose and glucose were found to be inhibitory (7, 8) . Flocculation in S. cerevisiae is genetically controlled (17) . Several dominant and recessive genes affecting flocculation have been described: FLO1, FLO5, FLO8, FLO9, FLO10, FLO11, flo3, flo6, flo7, fsu1, fsu2, tup1 (10, 11) . In practice, flocculation might be beneficial in sparkling wine production by classic method as the larger aggregates could be removed easily during remuage and disgorgated
Materials and Methods

Strains
The names, genotypes and origin of the strains used are listed in the Table 1 . Construction of the hybrid strains, determination of the mating type Hybrids strains were constructed by protoplastic fusion (13) .The mating type of the tetrads and random spore analysis were performed according to the methods described by Sherman et al (12, 14) .
Determination of the DNA content per cell
The method described by Philipsen et al (15) was used to determine the DNA content per cell, using a CARL ZEISS JENA-VSU -2P spectrophotometer.
Flocculation assay
Determination of the flocculation characteristics of yeast and measurement of the flocculation capacity during fermentation was essentially based on an absorbance method (16) . The amount of the flocculation was quantified by measuring the sedimentation reaction as a change in absorb-ence (A 260 nm) of the cell suspension in a calcium sulphate solution buffered at pH 4.5. The flocculation percentage value for a particular strain determines its degree of flocculation (17) . 
Results and Discussion
Construction of hybrids
Each diploid segregant with an adenine requiring the ade2 mutation (DD4 -A1, DD4 -A22 and DD4 -A30) was crossed by protoplastic fusion with the diploid segregant with a lysine requiring the lys2 mutation (DD4 -T3). All segregants were heterozygous to the locus of the mating type MAT (MATa/MATα). All of the obtained hybrids (DM1, DM2, DM3 and DM4) were prototrophic and grew on MIN medium. They were mitotically stable as they kept their phenotypes during the cultivation. This suggested that the parental nuclei were fused (syncarion). The cell size of all obtained hybrids was bigger than that of the parental strains and increased in the following order: 1n<2n<3n<4n (data not shown). Significant differences in the DNA content per cell were found between diploid strains and tetrahybrids. The lowest value was attained in a haploid strain his8 -7,88g10 -14 . The DNA content per cell of the diploid segregants (DD4-A1 -11,91g10 -14 ; DD4-A22 -14,64 g10 -14 ; DD4-A26 -17,52 g10 -14 ; DD4-A30 -19,37 g10 -14 and DD4-T3 -11,19 g10 -14 ) was similar to that of the diploid control strain PV2 -15,76 g10 -14 . The DNA content of the hybrids was almost 2-fold that of the diploid strains (DM1 -31,41 g10 -14 ; DM2 -30,56 g10 -14 ; DM3 -26,92 g10 -14 and DM4 -31,73 g10 -14 ) .
Random spore analysis showed that DM 1 , DM 2 , DM 3 and DM 4 were heterozygous for Lys2 and Ade2 mutations and segregated Mata, Matα and Mata/Matα (data not shown).
Identification of FLO Gene
Some sugars are effective inhibiters of flocculation (2, 22, 23) . It was demonstrated that specific inhibition of flocculation could be achieved by the addition of mannose, which lead to the subsequent development of the hypothesis that the mechanism of flocculation involves a lectin-like interaction (24, 25) . The ability of the parental strains and the fourth hybrid strains to flocculate in the presence of various sugars (1 M) was examined. All strains showed only partial or full inhibition by mannose (Fig. 1a) . Our experiments revealed that the flocculation phenotype of hybrid strains is similar to those conferred by the FLO1 gene. In the presence of maltose, an increased flocculation competence was observed for strains DM1 and DM2, a decreased flocculation competence was observed for strains DM3 and DM4 (Fig.  1b) . In the presence of sucrose an increased flocculation competence was observed for strains DM1, DM3 and DM4, a decreased flocculation competence was observed for strain DM2 (Fig. 1c) . Flocculation ability of the new hybrid strains without inhibitor sugars is shown on Fig. 1d . We can suggest that the effect of the maltose and sucrose on flocculation performance therefore appeared to be strain dependent.
Fermentation activity of diploid and polyploid strains
The hybrid strains released a bigger amount of CO 2 than the parental strains during the laboratory fermentation. The amount of CO 2 released in the end of the fermentation from the parental strains varied from 0.067 to 1.0 g 100/ml; from the hybrid DM1 -1.1 g/100 ml, from DM2 -1.33 g/100 ml, for DM3 -1.3 g/100 ml, from DM4 -0.97 g/100ml. At the end of the fermentation (24 th day) the number of the cells from the parental strains ranged from 1.0 to 1.5 x 10 7 cells/ml while the number for new hybrid cells ranged from 2.1 to 3.5 x10 7 cells/ml. These results suggest that the generative abilities of the hybrid cells were better.The concentration of the residual sugars at the end of the fermentation is also very important for highquality sparking wines. Strain DD4-A26 and the hybrid DM4 with a lower fermentation activity (0.041 and 0.97 g/100 ml, respectively) had a higher level of the residual sugar (1,65gl -1 and 1,05 gl -1 respectively). Strains DD4-T3 and DD4-A22 showed good fermentation activity and low residual sugar level. However, the hybrids proved to ferment very well under these laboratory conditions. They also showed high fermentation activity and in the case of the strain DM3 (0,35 gl -1 residual sugar) it was the highest. The fermentation activity of the other hybrids, DM1 (0,65 gl -1 residual sugar) and DM2 (0,55 gl -1 residual sugar), was comparable to that of the parental strains.
The semi-industrial secondary fermentation in pressurized bottles was completed in 20-22 days. There were no particular differences in the bottle pressure (between 0.40-0.45 MPa) but there was significant difference in the level of residual sugars ( Table 2 ). The lowest value was measured in wine produced by the hybrid DM1 -2.4 gl -1 . For all other strains it varied between 2.4 and 5.0 gl -1 . These differences in fermenting the triage to dryness were probably due to poor exchange between the flocculated cells and the medium. There were no other important differences in the composition of the resultant sparkling wines. After the semi-industrial fermentation all new hybrid strains keep their tertraploydi.Besides the detectable sweetness of some of the wines (DM3 and DM4) no other sensory diversions were found. The wines had reductive nose, well preserved fruity aroma and harmony. As the most interesting were the wines obtained by DM1 and DM2 strains, only these two were assessed for the paired preference test. The testers (n=12.3 testers, 4 tests) gave 11 preferences to wines fermented by DM1 strain against one to that fermented by the DM2 strain. This preference was statistically significant at 5 % level and confirmed that the strain DM1 could be successfully used in the production of red sparkling wine.
